Construction of a novel redox protein by rational design: conversion of a disulfide bridge into a mononuclear iron-sulfur center.
A mononuclear iron-sulfur center, capable of reversible electron transfer, has been introduced into thioredoxin, a protein devoid of such sites, using an automated, structure-based design algorithm. One of the sites predicted by the Dezymer computer program to introduce a tetrahedral tetrathiolate iron center included the intrinsic Cys32-Cys35 disulfide of wild-type thioredoxin and two additional mutants, Trp28Cys and Ile75Cys, thereby converting a disulfide into a metal-based redox center. This designed protein forms a 1:1 monomeric complex with FeIII, whose electronic absorption and EPR spectra closely resemble those of the rubredoxins, as intended. CoII spectra provided further confirmation of tetrahedral tetrathiolate metal coordination. The designed protein is capable of undergoing successive cycles of oxidation and reduction. The computer-generated design only took into account the geometry of the primary coordination shell around the metal. We have therefore demonstrated that simple geometrical considerations can be sufficient to reproduce the dominant electronic structure and reactivity of a simple metal-based redox center.